The Fermi experiment has measured the cosmic ray electron+positron spectrum and positron fraction [Φ e + /(Φ e + +e − )], and PAMELA has measured the positron fraction with better precision. While the majority of cosmic ray electrons and positrons are of astrophysical origin, there may also be a contribution from dark matter annihilation in the galactic halo. The upcoming results of the AMS experiment will show measurements of these quantities with far greater precision. One dark matter annihilation scenario is where two dark matter particles annihilate directly to e + and e − final states. In this article, we calculate the signature "bumps" in these measurements assuming a given density profile (NFW profile). If the dark matter annihilates to electrons and positrons with a cross section σv ∼ 10 −26 cm 3 /s or greater, this feature may be discernible by AMS. However, we demonstrate that such a prominent spectral feature is already ruled out by the relative smoothness of the positron + electron cosmic ray spectrum as measured by Fermi. Hence we conclude that such a feature is undetectable unless the mass is less than ∼40 GeV.
I. INTRODUCTION
From the measurements of the spectrum of cosmic ray positrons and electrons experiments including Fermi Gamma Ray Space Telescope [1] and PAMELA [2] , we know not only the individual spectra, but also the positron fraction [Φ e + /(Φ e + +e − )]. These measurements of two related quantities, say (x + y) and x/(x + y), can be used to constrain the size of possible features in these spectra, and hence the origin of these cosmic rays. One possible source of these cosmic rays is dark matter annihilation. Of particular interest, is the case in which two dark matter particles annihilate to produce a positron and an electron. This leads to a signature "bump" feature.
The results of the Alpha Magnetic Spectrometer (AMS-02) experiment [3] are imminent. AMS will detect positrons and electrons in the cosmic ray spectrum between approximately 100 MeV and 1 TeV. With its much larger acceptance than PAMELA (∼0.045 m 2 sr vs. ∼0.002 m 2 sr) [2] and its high level of proton rejection, AMS is expected to measure the cosmic ray positron flux as well as the positron fraction in far greater detail than was previously measured by PAMELA or Fermi.
In this article, we consider the case in which the dark matter particles annihilate directly to electron-positron pairs, giving rise to an edge-like feature in the cosmic ray positron spectrum at an energy equal to the mass of the annihilating WIMP [4] [5] [6] . Because of its increased precision, such features previously undetectable by PAMELA, might be detectable with AMS. We find that for dark matter masses greater than ∼40 GeV, cross sections required to get a detectable spectral feature in the positron fraction are already ruled out due to the smoothness of the positron + electron spectrum as measured by Fermi.
II. COSMIC RAY ELECTRONS AND POSITRONS FROM DARK MATTER ANNIHILATION
Positrons and electrons produced by galactic sources, as well as due to dark matter annihilation, propagate through the galaxy under the influence of tangled magnetic fields. Here they lose energy through inverse Compton and synchrotron interactions [7] . These effects can be modeled by the simple form of the diffusion-loss equation:
where = E/(1 GeV) parametrizes the energy of cosmic ray particles, K is the diffusion constant (denoted D xx in GALPROP), b is the energy loss rate, and Q the source term, i.e. the source of particles in units of cm 3 s −1 [7] . For the general case,
where dN/d is the spectrum of the resultant particles per annihilation as a function of energy. In the case of annihilation to electron and positron final states, dN/d = 2δ(m), where m is the mass of the dark matter particles. In order to find a steady state solution for the spectrum ∂n/d , the left hand side is set to zero and the solution is carried out as detailed in Ref [7] . We are interested in looking at the positron and electron spectrum and searching for dark matter signal. We assume an NFW dark matter halo profile [8] with the local dark matter density, ρ 0 = 0.43 GeVcm electron, which then propagate through the galaxy and are detected on/near Earth.
In this case, Q the source term depends on the dark matter annihilation cross section as well as the inhomogeneity of the distribution (leads to a boost factor which we take to be 1). The energy loss rate, b = 10 −16 (E/GeV ) 2 , is the result of inverse Compton scattering on starlight and the cosmic microwave background, and synchrotron radiation due to the galactic magnetic field. Following Ref. [9] , we expect a spectrum with an edge feature at the mass of the dark matter which is:
Following Ref. [7] we evaluate the size of this feature using Q = n 2 0 < σv > m −2 dm for a model dark matter that annihilates to electrons and positrons. Following Ref. [7] again, we calculate that the detected flux at the edge of a particular dark matter mass to be:
For the case of m dm = 130 GeV, with a cross section of 3x10 −26 cm 3 s −1 , we calculated this edge size to be E 3 dΦ/dE = 4.9 GeV 2 m −2 sr −1 s −1 , which matches closely with the value of 4.8 GeV 2 m −2 sr −1 s −1 we obtained through our GALPROP simulation.
To determine the cosmic ray spectrum as observed at the Solar System, we solve the standard propagation equation (using the publicly available code GALPROP [10] ):
where ψ(r, p, t) is the number density of a given cosmic ray species per unit momentum, and the source term Q(r, p) includes the products of the decay and spallation of nuclei, as well as any primary contributions from supernova remnants, pulsars, dark matter annihilations, etc. D xx is the spatial diffusion coefficient, which is parametrized by D xx = βD 0xx (ρ/4GV ) δ , where β and ρ are the particle's velocity and rigidity, respectively. Also included in this equation are the effects of diffusive reacceleration and radioactive decay [10] , however we neglect the effects of convection. The contribution to the source term, Q(r, p), from dark matter is simply determined by the flux of annihilation products injected into the halo. In our calculations, we adopt D 0xx = 4.02 × 10 28 cm 2 /s and apply free-escape boundary conditions at 4 kpc above and below the Galactic Plane. These choices lead to boron-to-carbon and antiproton-to-proton ratios that are consistent with observations [11, 12] .
III. ASTROPHYSICAL SOURCES OF COSMIC RAY ELECTRONS AND POSITRONS
We model the background positron and electron flux to match the measurements made by Fermi. Primary sources of electrons include supernova remnants and pulsars. Secondary electrons and positrons are those created annihilating to e + e − . These cross sections were picked such that χ 2 = 4 for the midpoint of the two bins adjacent to the step, corresponding to detection of a sudden spectral feature at the 95% confidence level. Right: Total electron + positron flux, compared with Fermi data for the same dark matter scenarios shown in the left panels. Although we cannot rule out the possibility that AMS could detect a sudden spectral feature at energies below ∼40 GeV, it is clear that any higher energy feature potentially observable by AMS is already ruled out by Fermi. −25 cm 3 /s ) and 398 GeV(σv = 3 × 10 −24 cm 3 /s) annihilating to e + , e − . These cross sections were picked such that χ 2 = 4 for the midpoint of the two bins adjacent to the step, corresponding to detection of a sudden spectral feature at the 95% confidence level. Right: Total electron + positron flux, compared with Fermi data. It is clear that these are ruled out by Fermi data. Considering the trend, we conclude that the requisite cross section for higher masses is still greater and therefore we do not show further plots for higher masses.
by collisions of cosmic rays which occur during propagation through the galaxy. We account for the overall flux as a sum of these primary and secondary electrons and positrons combined with the flux from one nearby supernova remnant Monogem and the associated pulsar B0656+14. This pulsar is located 290 parsecs from the Solar System and is 110,000 years old [13] . We assume this pulsar to have injected a spectrum of positrons and electrons of the form, Q ∝ E −1.7 e . We follow Ref. [14] in determining the flux of positrons and electrons at the Solar System from this pulsar and add this to the contribution predicted from primary and secondary production, as obtained using GALPROP.
The cosmic ray spectrum as observed by detectors close to the Earth is further affected by solar winds and heliospheric magnetic field [15] . This effect modeled by an effective potential, Φ = 0.4 GeV, is especially important for energies smaller than roughly 20 GeV. The interstellar cosmic ray flux J IS is related to the observed flux, J, as shown below:
To project the error bars for AMS, we follow Ref. [16] . In particular, we convolve the spectrum of the positron fraction with an energy resolution of ∆E/E = (0.106/ E(GeV)) 2 + (0.0125) 2 (corresponding to about 3.5% at 10 GeV), an ability to reject protons from positrons and protons from electrons at the level of 3 × 10 5 [17] , positrons from electrons at 1 × 10 4 and an acceptance of 0.045 m 2 sr. We are assuming 15 bins per decade. While we have calculated our error bars for 3 years of data taking, the systematic rather than statistical errors dominate the results.
In Figure 1 , we show our background model. In the left frame of Fig. 1 , we show the result of our model along with Fermi data. In the right frame of Fig. 1 , we show the resulting positron fraction and compare this to that measured by PAMELA.
IV. INCOMPATIBILITY WITH FERMI CONSTRAINTS
For a series of dark matter masses between 25 and 1000 GeV (which is the range covered by existing Fermi data), we determine the cross section required to produce a step in the positron fraction discernible by AMS. For a spectral feature that can be detected at the 95% confidence level, we require χ 2 ≥ 4 for the two bins adjacent to the step.
When we plot the positron + electron spectrum alongside our fit to Fermi data, we find that in most cases the corresponding feature would be incompatible with the existing Fermi data. This is shown in Figures 2 and  3 . We can conclude that for all masses above ∼40 GeV, the existence of dark matter particles that annihilate into positrons and electrons to produce a feature detectable by AMS is already ruled out by Fermi. One special point is the the case of m dm = 130 GeV. It has been speculated that a spectral gamma ray feature observed by Fermi around 130 GeV may be related to signals from dark matter annihilations to γγ, γZ or γh [18, 19] . As no continuum gamma ray signal is observed, however, there is a motivation to consider 130 GeV dark matter particles that annihilate to final states such as electrons and positrons [20] . We show in row 3 of Figure 2 the predictions for this dark matter mass. We conclude that AMS is unlikely to observe a spectral feature associated with dark matter of this mass.
V. CONCLUSION
Looking for dark matter is one of the missions of the AMS detector. We consider dark matter models where two dark matter particles annihilate to produce an electron-positron pair giving rise to a signature bump at the mass of the annihilating particles. From our calculations we see that for masses greater than ∼40 GeV, the cross sections corresponding to a detectable feature in the positron fraction spectrum of AMS are already ruled out by existing Fermi measurements of the positron+ electron spectrum.
